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0 Honeycomb noise attenuation structure. 

@ A double layer structural honeycomb sandwich 
noise suppression panel (10) for use in severe envi- 
ronments such as aircraft turbine engine housings. 
Two honeycomb core sheets (12) having multiple 
cells transverse to the sheets are sandwiched ar- 
ound and bonded to a septum sheet (14) consisting 
of a wire cloth sheet alone or bonded to a sheet of 
perforated material. A thin sheet of impervious ma- 
terial (16) is bonded to one surface of the sandwich 
and a facing (18) of thin perforated sheet material is 



bonded to the other sandwich surface. The panel 
has improved simplicity, structural strength with ur>- 
usually light weight. 
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BACKGROUND OF THE INVENTION 

1. Reld of the Invention 

This invention relates in general to structural 
noise suppression systems particularfy adapted to 
use in aircraft engine housings and. more specific 
calty, to a double layer noise suppression hon- 
eycomb sandwich panel. 

2. Description of the Prior Art 

Since the eariiest days of commercial jet air- 
craft, great efforts have been expended in develop- 
ing methods and structures for reducing engine 
noise. Many different sound absorbing linings have 
been applied to intake bypass ducts, compressor 
casings and other components in aircraft turbine 
engine housings. 

Early sound absorbing linings and panels used 
a honeycomb core bonded on one side to an 
imp»ervious sheet and on the other to various per- 
vious materials, such as perforated sheets, wire 
cloth or screens, fibrous layers and the like. Typi- 
cal panels of this sort are descril>ed in U.S. Patents 
3,640,357 and 3,166,149. 

In order to improve sound absorption, for some 
applications multilayer panels were designed, using 
plural honeycomb sheets separated by perforated 
sheets, with an impervious sheet on one side and a 
perforated sheet on the other, as described by 
Schindler in U.S. Patent 3.946,346. 

In further attempts to improve noise suppres- 
sion, a variety of complex multi-component per- 
vious sheets have been secured to cellular core 
structures. The previous sheets may include 
screens, fibrous mats, woven cloth, etc., as de- 
scrit>ed by Cowan in U.S. Patent 3,502,171. Mul- 
tiple layers of honeycomb core material, perforated 
sheets and microporous sheets as described by 
Riel in U.S. Patent 4.465,725 have been developed 
for specific applications. 

U.S. Patent 4,257,998 issued March 24. 1981 



noise suppression panels of improved simplicity, 
structural strength and fight weight 

SUMMARY OF THE IfWENTION 
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The atx>ve-noted problems, and others, are 
overcome in accordance with this invention by a 
simple double layer honeycomb sandwich panel in 
which a first and second honeycomb panels having 

10 transverse cells are bonded to opposite sides of a 
linear microporous septum which may consist, for 
example, either of a single layer of woven cloth or 
a bonded composite of woven cloth or other fine 
porous metal and thin perforated sheet material. A 

75 ttiin sheet of impervious material is bonded to one 
surface of this sandwk:h and a thin perforated 
sheet is bonded to the opposite surface. 

This panel is simple in design and manufac- 
ture, light in weight, has excellent structural 

20 strength in severe, high air flow environments and 
has surprisingly good sound absorption character- 
istics that can t)e designed for various novsa reduc- 
tion requirements. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 



Details of the invention, and of preferred em- 
bodiments thereof, will be further understood upon 
reference to the drawing, wherein: 

Rgure 1 is a perspective view, partially cut 
away, of the noise suppression panel of this 
invention; 

Rgure 2 is a detail vertical section view through 
the panel of Rgure 1 ; and 

Rgure 3 is a detail section view, similar to that 
of Rgure 2, showing a second embodiment of 
the panel. 
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DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

Referring now to Rgure 1. there is seen a 
perspective view, partially cut away, of a noise 
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teaches a method of making a cellular core with an 
intemal septum. The septum is a perforated non- 45 
metallic sheet which in a softened state has the 
cellular core pressed into it to provide upper and 
lower core sheets having various predetermined 
heights. 

Many of these designs are quite effective in so 
reducing noise in aircraft engine applications. How- 
ever, they tend to be complex in design and manu- 
facture, expensive to manufacture, to add consider- 
able undea'rable weight to an aircraft and to have 
less than optimum strength and structural reliability 55 
when exposed to the hostile, high air flow enviror>- 
ments encountered in engine housings. 

Thus, there is a continuing need for effective 



suppression panel 10 according to this invention. 

Panel 10 includes two sheets of honeycomb 
core material 12 sandwiched around a septum 14. 
Honeycomb sheets 12 have cells extending trans- 
verse to the panel surface and preferably lying 
approximately 90' to the panel surface. The two 
sheets 12 can vary in cell size and depth. The 
honeycomb core sheets may be formed from any 
suitable material. Typical materials include metals 
such as aluminum or titanium, Kevlar aramids, 
phenolics or other plastics, and mixtures and com- 
binations thereof. 

Septum 14 in the illustrated embodiment has 
one of two configuration, as shown in Rgures 2 and 
3. The single layer of woven cloth shown in Rgures 
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1 and 2 is preferred for simplicity, tight weight and 
noise suppression effectiveness. We have found 
tfiat adding additional layers have Rttle. if any favor- 
able affect on sound absorption characteristics 
while signrficantty increasing panel weight and gen- 
erally reducing panel structural strength. 

The septum 14 preferably has a non-linearity 
factor ("NLF") of less than 1.5. By way of example, 
the NLF of the perforated sheet of the noted Shlnd- 
ler U.S. Patent 3,948,346 is 10 and the NLF of the 
laser drilled septum of U.S. Patent 4^7^8 is 3. 
To those skilled in the art the non-linearity factor is 
determined by dividing the Rayl number of a se- 
lected perforated sheet at 200 cmVsec. by the Rayl 
numt>er of that selected perforated sheet at 20 
cm7sec. Thus, a more linear material, that is one 
that has an NLF approaching 1.0, represents a 
sound attenuation material that has an acoustic 
impedance which is fairiy constant over a range of 
frequencies. For aircraft propulsion systems this 
range of frequencies covers those that are encoun- 
tered at take off, cruise, and landing of an aircraft. 

Any suitable woven doth may be used for 
septum 14. Typical materials for the woven cloth 
include stainless steel, aluminum, titanium and mix- 
tures thereof or non-metallic materials. Where sep- 
tum 14 is a single layer of woven metallic cloth, a 
stainless steel woven material is preferred for 
strength, light weight and excellent sound attenu- 
ation characteristics. The strand crossover points 
may be joined by any conventional method, such 
as sintering, diffusion kx>nding or the like. 

The woven cloth making up septum 14 may 
have any suitable wire diameter and mesh pattem 
and number of strands. We have found that for 
optimum results septum 14 should have a flow 
resistance of about 60 to 140 Ray Is. A Rayl is 
defined as ttie ratio of the pressure drop across the 
porous medium, P. in dynes/cm.2, to the gas flow 
velocity, u. in cmysec. Since the Rayl numt>er 
depends on the air flow rate, a flow rate cor- 
responding to that anticipated to be encountered in 
the operating environment, e.g. an aircraft engine 
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ded to the other surface. Sheet 16 may be formed 
from any suitable material which is impervious to 
air flow and is applicable to the harsh environment 
. Typical materials include metals such as alu- 
minum or titanium, plastics such as F)henolics, 
composites such as fiber reinforced plastics and 
the like. Perforated facing sheet 18 may be formed 
from any suitable material. While metals such as 
aluminum may be preferred, otfier rigid sheet ma- 
terials such as high temperature resistant plastics 
or fiber reinforced composites may be used. 

The size, number and spacing of perforations 
20 will depend upon the precise acoustic require- 
ment to be encountered. Generally, perforations 20 
will range from atx>ut 0.030 to 0.100 in diameter, 
while still maintaining linearity characteristics, will 
provide from akx>ut 15 to 35% open area and will 
be arranged in a uniform pattem across sheet 18. 

Rgure 3 Illustrates a second embodiment of 
this invention. Here, septum 14 includes both a 
woven wire sheet and a perforated stieet 22. Perfo- 
rated sheet 22 has characteristics generally similar 
to those of perforated sheet 18. The sheets making 
up the two-layer septum 14 of Rgure 3 should be 
selected to give the flow resistance detailed above. 
While the embodiment of Rgures 1 and 2 is pre- 
ferred for an optimum combination of simplicity, 
light weight, ease of manufacture and noise sup- 
pression effectiveness, in some cases tfie emtxxji- 
ment of Rgure 3 will be preferred for its somev^at 
greater strength. 

The optimum noise suppression panel In ac- 
cordance with this invention uses two honeycomb 
core sheets having thicknesses of atx>ut .2 inch to 
1.5 inch cross dimensions of atx>ut 3^ to 1 inch, a 
perforated face sheet having about 15-30% open 
area and a single woven ckyth septum having an air 
flow resistance of ahoiA 60-140 Rayls. 

It should be understood the suppression panel 
depicted in Rgure 2 can also be constructed using 
a single honeycomb core with the septum compris- 
ing a plurality of substantially co-planar plugs or 
septum portions placed in each of the cells inter- 
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housing, is used to determine the precise septum 
to be used to provide the desired flow resistance to 45 
give the optimum flow resistance. The flow is re- 
lated to sound pressure levels in the duct. 

Any suitable method may be used to bond 
septum 14 to the honeycomb core sheets 12 as 
long as sufficient art is used to maintain acoustic so 
quality. Where both honeycomb cores 12 and sep- 
tum 14 are compatible materials, sintering or diffu- 
sion bonding may also be parb'culariy effective. 
Otherwise, bonding with a suitable adhesive is pre- 
ferred. Typical adhesives include low solvent solu- ss Claims 
tion sprayable adhesive and adhesive films. 

An impervious sheet 16 is bonded to one side 1. 
of the sandwich and a perforated sheet 18 is bon- 



mediate tfie major surfaces of the honeycomb pan- 
el, for example, by the method taught by United 
States Patent No. 4.257.998 or any other conve- 
nient method. 

While the invention has been described in de- 
tail with respect to the prefenred embodiments, it 
should t>e understood that suitable changes and 
modifications may be made within the spirit of this 
invention as limited only by the scope of the ap- 
pended claims. 



A double layer noise suppression honeycomb 
sandwich panel of improved simplicity, high 
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staictural strength and light weight for use in 
severe environments in and around high ve- 
locity fluid flow paths and high sonic environ- 
ments which comprises: 

a first honeycomb core sheet having a 
muttiplicfty of cells the walls of thin sheet ma- 
terial, said cells directed transverse to said 



a thin sheet of impervious material bonded 
to one major surface of said first honeycomb 
core sheet 

a septum having a non-linearity factor of 
less than 1.5 t>onded to the second major 
surface of said first honeycomb core sheet; 

a second honeycomb core sheet having a 
multiplicity of cells with walls of thin sheet 
material, said cells directed transverse to said 
panel, said second honeycomb core sheet 
bonded to said septum; and 

a facing of perforated sheet material bon- 
ded to the free surface of said second core 
sheet. 

The noise suppression panel according to 
claim 1 wherein the air flow resistance of said 
septum is from about 60 to 140 Ray Is. 

The noise suppression panel according to 
claim 1 wherein said septum is a wire cloth. 

The noise suppression panel according to 
claim 1 wherein said septum further includes a 
perforated sheet bonded to said wire cloth and 
one of said honeycomb core sheets. 

The noise suppression panel according to 
claim 1 wherein said perforations cover from 
atx>ut 15 to 30 of the surface area of said 
perforated sheet 

An effective noise suppression panel having 
improved simplicity, high structural strength 
and light weight for use in aircraft turbine en- 



10 



IS 



20 



25 



30 



35 



40 



7. The noise suppression panel according to 
claim 8 wherein said septum is a wire doth. 

8. The noise suppression panel according to 
claim 8 wherein said septum further includes a 
perforated sheet bonded to said wire cloth and 
one of said honeycomb core sheets. 

9. A double layer noise suppression honeycomb 
sandwich panel of improved simplicity, high 
structural strength and light weight for use in 
severe environments in and around high ve- 
locity fluid flow pattis and high sonic environ- 
ments which comprises: 

a honeycomb core sheet having a mul- 
tiplicity of cells with walls of thin sheet ma- 
terial, said cells directed transverse to said 
panel; 

a thin sheet of impervious material bonded 
to one major surface of said honeycomb core 
sheet; 

a septum having a non-linearity factor of 
less than 1.5. said septum comprising plurality 
of co-planar portions being positioned within 
each of said multiplicity of cells intermediate 
the major surfaces and t>onded thereto; and 

a facing of perforated sheet material tx>n- 
ded to the free surface of said honeycomb 
core sheet 
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gine housings which comprises: 

a sandwich structure consisting of a pair of 
honeycomb core sheets t>onded to opposite 
sides of a sheet septum having a non-linearity 
factor of less than 1.5 with the honeycomb 
cells extending transverse to said sandwich; 
the air flow resistance of said septum being 
at>out 70-120 Rayls; a thin sheet of impervious 
material tx>nded to one major surface of said 
sandwich and a thin sheet of perforated ma- 
terial bonded to the second major surface of 
said sandwich, said perforations covering 
about 15-30% of the surface area of said per- 
forated sheet. 
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